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Whether dumped from trailers, sprayed by
manure spreaders, emptied out ofbags, or
injected into the soil by specialized vehi-
cles, millions oftons ofan organic materi-
al rich in plant nutrients are being added
to U.S. soil each year. The material is
biosolids, an inevitable by-product of the
sewage treatment plants that serve about
75% ofthe U.S. population.
But because biosolids contain concen-
trations of most heavy metals as well as
some pathogens and toxic organics that are
flushed and dumped down residential and
industrial drains, the question arises of
whether biosolids are safe to be spread on
farms and forests. Despite the common
misconception that biosolids and sewage
are identical, well-treated biosolids resem-
ble sewage about as much as a plastic bag
resembles the crude oil from which it orig-
inated. Biosolids are made through a series
of biological transformations in which
most ofthe complex organic molecules in
sewage are decomposed and most of the
pathogens killed. Nevertheless, aware that
the label "sewage sludge" is enough to
arouse public fear and opposition, advo-
cates of sludge recycling coined the term
"biosolids" a few years ago. In a 9
December 1996 memo to the EPA's
Office ofWater employees, EPA Assistant
Administrator Robert Perciasepe encour-
ages them to use the term "biosolids" in
place of "the 's' words ('sludge' and
'sewage sludge')." In the memo Perciasepe
calls the use of the term biosolids "an
important component in accomplishing
one of EPA's policy objectives-support-
ing and encouraging the beneficial use of
these residuals ofwastewater treatment."
Still, whatever it's called, the idea of
using the residues of sewerage treatment
plants in agriculture is sure to arouse
opposition-or at least concern over the
impacts on health and the environment.
HowMuch Sludge
In the process of treating 182 gallons of
sewage per person per day, treatment
plants create 7 million dry metric tons of
biosolids, mixed in roughly 700 million
tons ofwater, according to the EPA. This
number dwarfs total municipal solid waste
production, which is 210 million tons
annually.
Therefore, sewage treatment plants
face a monumental problem ofhow to dis-
pose of or reuse biosolids. According to a
1993 EPA report, Standardsfor the Use or
Disposal ofSewage Sludge, about 2.5 mil-
lion dry tons of biosolids, or 36% of the
total amount, was being recycled on farms,
forests, golf courses, and elsewhere in the
late 1980s, compared to 24% ofmunicipal
solid waste now being recycled. The bal-
ance of biosolids was buried in landfills
(38%), burned (16%), or surface disposed
by other means (10%).
Until 1992, millions of tons of
biosolids ended up in the Atlantic Ocean.
The practice was banned due to public
concern over ocean pollution; the banning
led to the expanded need for land disposal,
which now accounts for 40-50% of
biosolids disposal, according to Alan
Rubin, a scientist in the Office of Water.
Because biosolids are created whenever
sewage is treated, the environmental
health effects ofland application should be
evaluated in comparison to other disposal
techniques. Because landfilling and incin-
eration each have health and environmen-
tal drawbacks and offer none ofthe poten-
tial benefits of recycling, EPA policies
express apreference for land application.
Where It Comes From
Biosolids are no more optional to an
urbanized society than sewage treatment
itself, since they are an inevitable byprod-
uct of treatment. The first treatment
works were crude by today's standards, but
spurred by public demands for a cleaner
environment, treatment has continually
improved. When sewage enters a treat-
ment plant, it runs through a series of
tanks where heavy material-the
biosolids-to-be-settles to the bottom,
and water is skimmed offthe top.
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To minimize environmental damage to
a lake or river in which the water is dis-
posed, the effluent is treated to reduce the
levels of nitrogen and/or phosphorus, and
is often disinfected with ultraviolet light or
chlorine. Nationally, 3% of sewage plant
wastewater is used for agricultural irriga-
tion, mostly in the Southwest. Although
the practice raises health concerns that par-
allel those ofbiosolids recycling, a National
Research Council (NRC) committee that
studied the issue and wrote a report, Use of
Reclaimed Water and Sludge in Food
Production, found few signs that waste-
water was causing disease or pollution.
In the treatment plant, anaerobic or
aerobic bacteria metabolize the solids in
wastewater and settle to the bottom.
When these bacteria have finished, waste-
water contains about 1% solids, largely
organic material from the decomposing
bacteria. In dry-weight composition,
biosolids resemble animal manure, typical-
ly containing 3% nitrogen (manure con-
tains 1.7-7.8%) and 1.5% phosphorus
(manure contains 0.3-2.3%). Both mate-
rials also contain sulfur, calcium, magne-
sium, potassium, and other elements,
according to the NRC.
When applied to land, the organic
matter in biosolids improves the soil's
structure, increases its water-holding
capacity, and feeds essential soil microor-
ganisms. It's not just organic farmers who
worry about the decline in organic matter
in farm fields. Robert Brobst, biosolids
program coordinator for the EPA's Region
8, notes that on the eastern plains of
Colorado, half of the organic matter has
disappeared since farming began. Brobst
calls biosolids a good source of organic
matter that can be used to build up the
soil by feeding naturally
occurring bacteria.
"With chemical fertiliz-
ers, you are feeding the g
plant directly. With
sludge, you feed the soil
and the soil feeds the
plants," says Brobst. "It
will take a long time, but
at least we are going in




Sewage plants have always
had to dispose of Settling to the bo ,. ,., . ... . plants, aerobic biosolids; ironically, better biosolids.
treatment removes more
solids and thus creates more biosolids. One
ofthe first recycling efforts began in 1926,
when Milwaukee began selling dried
biosolids to homeowners and landscapers as
fertilizer. According to the EPA, about 12%
ofall recycled biosolids are given or sold to
the public in containers.
Approximately 9% of recycled
biosolids are used to revitalize land that's
been damaged, usually by mining. For
many years, Chicago's biosolids were
spread on former coal strip mines in
Fulton County, Illinois, 190 miles south-
west of Chicago. About 2,000 acres of
damaged land owned by the Metropolitan
Sanitary District of Greater Chicago has
been returned to agriculture and is leased
to farmers, says district soil scientist Scott
Nelson. Here and elsewhere, sludge has
also been used to rejuvenate spoils
heaps-multi-acre piles of acidic rock
where nothing had grown decades after
mining had stopped. An enormous
Agricultural injection. Biosolids are injected 10 inches below the surface where they add organic
nutrients tothe soil.
Ittom. In decomposition tanks at sewage treatment
bacteria metabolize solids from wastewater into
amount of biosolids-up to 1,000 dry
tons per acre-increased the organic con-
tent ofthe heaps, and 70 tons oflime per
acre neutralized the acidity. Today the
land is prairie, and the runoffofacid mine
drainage, which commonly carries toxic
chemicals from abandoned strip mines,
has practically ceased.
In Washington State, Seattle's
biosolids are sprayed into forests, a prac-
tice that nationwide accounts for about
3% of total biosolids recycling. In forests,
terrain is a key restriction to biosolids use.
Ifthe land slopes more than 10-20%, the
biosolids may quickly wash into water-
courses.
Fully 67% of recycled biosolids go to
farmland, where they are spread on, or
injected under, soil. In Wisconsin, where
the Madison Metropolitan Sewerage
District's "Metrogro" program is often
held up as a national model, fields are cho-
sen based on soil type, depth to ground-
water and bedrock, and slope. "If there's
high permeability, or potential for runoff,
we're not allowed to go on them," says
David Taylor, a district soil scientist who
directed the Metrogro program for many
years. Since excess nitrogen pollutes
groundwater and surface water, the district
applies the amount of biosolids that will
supply only enough nitrogen for the next
crop. The farmer's $7.50 per acre payment
covers application with the district's
trucks, tests of the soil, plant tissue, and
well water, and all required recordkeeping.
Although the fee only funds 1-2% of the
biosolids program, Taylor says it helps
present biosolids "as a resource, not a
waste.
Farmers in the surrounding area seem
to approve, and have offered about seven
times as much land as the district needs
for its annual application of3,000-4,000
acres per year. The high level of accep-
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tance can be credited to clean biosolids, a
20-year history of monitoring pollutant
levels in biosolids, soil, water, and plant
tissue, and the district's support for uni-
versity research on cheaper and cleaner
sewage treatment. Importantly, the dis-
trict has also shouldered the extra
expense of injecting sludge into the soil,
preventing odor and sight problems that
enrage neighbors of some land applica-
tion projects.
Public Health and the EPA
Regulations
Despite the noted benefits of using recy-
cled biosolids, many still question whether
the heavy metals, toxic organic com-
pounds, and pathogens in this material
could contaminate soil, water, or food and
ultimately cause health problems. This
doesn't appear likely. A search of the
National Library of Medicine's compre-
hensive Medline database revealed no sci-
entific article claiming that sewage sludge
had caused disease. Conceivably, that neg-
ative result could result from inadequate
research, but given the long history ofcon-
cern, "ifit was causing a problem, it would
make itself apparent, and it hasn't," says
Sarah Clark Stuart, a member ofthe NRC
committee and a program officer at the
Pew Charitable Trusts in Philadelphia,
Pennsylvania.
Nationally, biosolids recycling is gov-
erned by a regulation ofthe Clean WaterAct
known as "Part 503" regulation, issued in
1993 bythe Office ofWater. Thegoal ofthe
rule is to maintain or improve environmen-
tal quality and protect human health. EPA
policies encourage biosolids recycling.
Rubin, who says he "wrote the [EPA] regula-
tions" on biosolids recycling, is categorical:
"We have yet to receive one documented
negative human health casewhere abiosolids
program met all the federal and state require-
ments, and was used the way it should be
used-according to good agricultural prac-
tices." Nevertheless, NRC committee mem-
ber Michael Baram, a professor at Boston
University Law School, says he found some
sludge applicator workers who blamed their
hepatitis B infections on biosolids. Baram
believes that indicates that the EPA should
have worked with the Occupational Safety
and Health Administration and the Food
and Drug Administration while writing the
biosolids rules.
Pathogens. The most characteristic
potential health hazard of biosolids are the
wide range of pathogenic microbes carried
in sewage. The list includes Salmonella and
Shigella bacteria, the hepatitis A and
Coxsackie viruses, the Giardia and
Cryptosporidium protozoans, and helminths
(parasitic worms) that cause roundworm,
tapeworm, and hookworm. Based on
microbial content, Part 503 established two
categories of biosolids. To achieve Class A
status, with pathogens below detectable lev-
els, a treatment plant can either test directly
for pathogens or use one of five specific
treatments to kill them, including heating
or increasing biosolids alkalinity. Class A
biosolids can be applied in the same way as
commercial fertilizer, without the restric-
tions that govern Class B sludge.
The process for making Class B sludge,
which is produced by most large treatment
plants, must be known to reduce indicator
microorganisms (including some patho-
gens) below 2 million colony forming
units of fecal coliform per gram of dry
weight. (Fecal coliform, common, non-
pathogenic bacteria that originate in the
human gut, are considered "indicator
organisms" for how effectively the treat-
ment has killed all pathogens.) For Class
B, the approved treatments include aero-
bic or anaerobic digestion, composting,
heat treatment, and drying. Treatment can
drastically reduce bacterial counts.
According to the EPA, raw sewage typical-
ly contains about 1 billion fecal coliform
bacteria per 100 ml of sewage; treated
biosolids range from 30,000 to 6 million
per 100 ml. Similarly, 100 ml of raw
sewage contains an average of 8,000
Salmonella bacteria, while treated biosolids
range from 3 to 62.
Indicators are used because it's expen-
sive to identify and count microbes in
biosolids. But Suresh Pillai, an assistant
professor of environmental microbiology
at Texas A&M University who has studied
pathogens at the 128,000-acre New York
City biosolids disposal site in west Texas,
says counting fecal coliform can be "mis-
leading and unreliable; it underestimates
the actual presence of organisms." Pillai
calls the bacterial genus Clostridium "a
much better indicator of [bacterial] sur-
vival and transmission in anaerobically
digested sludge."
A key concern with Class B sludge is
the eggs of parasitic worms called
helminths, which survive sewage treatment
and soil processes better than most
pathogens. To prevent transmission of
helminths and other resistant organisms,
farmers must wait before harvesting crops
on land that has received Class B sludge.
This allows time for many of the organ-
isms to die in the soil.
Pathogens worried the NRC study
group, which suggested the "EPA should
continue to develop and evaluate effective
ways to monitor for specific pathogens in
Biosolids success story. At a mine reclamation site in Fulton County,
Illinois, 40 to 50 years after mining stopped, waste fields were devoid of
vegetation and were leaching acidic waste into the watershed (far left).
After treatment with biosolids (center photos) the land is once again sup-
porting vegetation (far right).
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sewage sludge." The NRC panel said that
since the part 503 regulations rely so heav-
ily on processes rather than pathogen tests,
"reliability must be a critical element in
the design and operation of wastewater
treatment plants."
Organies. Toxic chemicals that do not
volatilize or decompose during treatment
tend to concentrate in biosolids, and yet
their residues have declined greatly over the
past 20 years. For example, benzene was
detected in 93% of biosolids samples in a
survey during the late 1970s, but in only
3% of samples from the late 1980s.
Likewise, detections oforganochlorine pes-
ticides (which are no longer on the market)
have also declined: chlordane, dieldrin,
heptachlor, and hexachlorobenzene were
each detected in 16% of the 1970s sam-
ples, but in none ofthe 1980s samples.
To develop the Part 503 regulations, the
EPA screened about 200 toxic organic com-
pounds. After performing detailed risk
analyses on the 22 that seemed most threat-
ening, the agency decided that they
appeared so rarely, or at such low concentra-
tions, that they did not need regulation in
Part 503. "We concluded that the numeri-
cal limit we would promulgate would be at
least an order ofmagnitude greater than the
highest level of that pollutant that was
found in biosolids," Rubin says.
The NRC committee questioned this
decision, arguing that the EPA's own
methodology indicated that the "concen-
tration [ofcertain toxic organics] in sewage
sludge may exceed the risk-based limits."
Because the data showing that toxic organ-
ics would not pose a hazard came from the
National Sewage Sludge Survey of the late
1980s, about which some methodological
concerns had been raised, the NRC com-
mittee urged the EPA to repeat the survey.
"I felt the issue should be looked at with a
new survey," says Stuart. "Not that I
thought that toxic organics were necessarily
a health or environmental problem," she
said, but to instill confidence in land appli-
cation, "[I felt the] EPA should try to cover
its bases better."
Rubin counters that monitoring sys-
tems already in place, including the annual
"priority pollutant scan" (for up to 127
compounds) required by some states for
biosolids at large treatment works, show
"that if anything, biosolids quality is
improving." A repeat survey, he says,
would "waste the taxpayers' money."
Nevertheless, some changes in the rules
governing toxics in biosolids are in the
works. According to Rubin, a second
round of part 503 regulations, scheduled
for proposal in 1999, will cover dioxins,
dibenzofurans, and the so-called "co-pla-
nar" PCBs, which are considered the most
hazardous PCB congeners.
Because it is expensive to remove toxic
materials from the vast amount of sewage
that passes through treatment plants, the
EPA has separate pretreatment regulations
to control the discharge of 110 toxic
chemicals into sewage systems. In practice,
a sewage district may test sewage from
industries known to pollute, or the com-
panies may certify that they have plans for
preventing pollution. Ralph Erickson, the
pretreatment and waste acceptance coordi-
nator at the Madison, Wisconsin, treat-
ment plant, says certification should
reduce the need for costly testing. He
admits it raises the possibility ofmidnight
dumping. However, he says, "attitudes
have changed over the decades. It used to
be that nobody thought about what was
put down the drain. Today . . . we have
numerous firms that don't need a permit,
but ask us to walk through their facilities"
to evaluate the chance of toxic material
entering the sewer.
Metals. The EPA took what it called a
"risk-based" approach to regulating the 10
heavy metals-including lead, cadmium,
zinc, mercury, and copper-it found most
frequently in the late 1980s national sur-
vey. (Chromium was later deleted due to
scant evidence for its toxicity, so part 503
now regulates nine metals.) The EPA pos-
tulated 14 pathways by which each metal
could move from the biosolids into a per-
son, plant, or animal. Then the agency
determined which pathway would be most
hazardous, and used that to set the lifetime
soil "loading rate" for each metal. When
the loading rate is reached, biosolids appli-
cations must cease. Part 503 also set ceil-
ings on annual loadings ofeach metal, and
on metal concentration in each biosolids
application. Taking lead as an example, the
lifetime loading on any field is 300 kg/ha,
the maximum annual application is 15
kg/ha, and biosolids "sold or given away in
a bag or other container" cannot contain
more than 840 mg/kg ofthe metal.
Pretreatment is also reducing metal
content. Between the national surveys of
biosolids in the late 1970s and the survey
from the late 1980s, the average lead level
decreased from 969 mg/kg to 134 mg/kg.
Nickel levels decreased from 135.1 mg/kg
to 42.7 mg/kg, and cadmium levels from
69.0 mg/kg to 7.0 mg/kg. Bucking the
trend, mercury levels rose from 2.8 mg/kg
to 5.2 mg/kg, and arsenic levels from 6.7
mg/kg to 9.9 mg/kg.
Air and Water Pathways. From a
human health standpoint, the real poten-
tial threat arises not when a pollutant
enters the soil, but when it enters water,
air, or food. To prevent runoff in surface
water, the EPA and states regulate the
slope and location of biosolids applica-
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tions, and generally forbid application to
frozen soil, where runoffis likely. A good,
but expensive, method for eliminating
runoff is to inject liquid biosolids under
the soil surface. At mine reclamation sites,
where applications tend to be heavier,
berms may be used to trap runoffbefore it
reaches surface waters.
To protect groundwater, the Madison,
Wisconsin program has annually tested as
many as 750 private wells near its applica-
tion fields for the past 20 years. The major
concern is nitrate concentrations, which
were elevated before the program began-
roughly 35% of private wells have levels
above 10 milligrams per liter. However,
the district's tests have not found indica-
tions that biosolids are raising that level.
Indeed, substituting biosolids for commer-
cial nitrate fertilizer could reduce nitrates
in groundwater. In studies conducted at
the University of Wisconsin at Madison
that compared three years' effects of
biosolids, dairy manure, and commercial
fertilizer on nitrate concentrations in water
percolating through the soil, "commercial
fertilizer was consistently higher" in con-
centrations than biosolids and manure,
saysTaylor.
Tests for airborne toxic chemicals at
the Texas site that receives New York
City's biosolids have shown "no significant
amount [of pathogens], either within the
fields or off-site," says B.L. Harris, associ-
ate director ofagricultural science at Texas
Agricultural Extension Service. Similarly,
Pillai reports "no indication that
pathogens from the sludge application site
are blowing beyond the site."
Odor. Although most people consider
bad odors more of a nuisance than a
health problem, continuous exposure to
strong odors, for example those emanating
from hog farms, has been shown to
adversely effect the health ofsome people.
Some opponents of biosolids recycling
have cited odor as a primary incriminating
factor. In fact, biosolids can be closer in
appearance and scent to good compost
than to the smelly animal manure that
farmers have always used to rejuvenate
their soil. And when biosolids are injected
under the soil surface, the process is virtu-
ally odorless. But in northwest NewJersey,
residents of Harmony Township blame
sewage biosolids and other residues for the
air they claim smells like diarrhea, vomit,
and urine. "People should not have to live
this way," says Lois Markle, a teacher and
vociferous opponent of the odors, who
recently was elected deputy mayor of the
township. Markle blames the problem on
a farm that accepts biosolids and slaugh-
terhouse and food-processing wastes, and
on a biosolids processing plant next door.
With two biosolids facilities side by side,
Markle charges, the "[New Jersey]
Department of Environmental Protection
is not [able] to figure out who is making
the odor." After years of complaints, the
state is suing one of the operators for air-
qualityviolations.
Says Rubin, "The only real issue in the
public acceptance arena regarding biosolids
is nuisance: odor and appearance."
According to him, even ifa recycler or user
of recycled biosolids meets the require-
ments ofpart 503, it is their responsibility
to make sure they are not creating nuisance
conditions and are using the biosolids in a
"neighbor-friendly manner."
Food
Questions still remain, however-most
prominently, how safe is food grown on
biosolids-amended soils. This question,
prompted by concern among food proces-
sors that the public might boycott their
products, sparked the NRC study of
biosolids application and wastewater reuse.
In the most comprehensive report in many
years on biosolids recycling, the NRC gen-
erally endorsed the EPA's approach, con-
cluding that "while no disposal or reuse
option can guarantee complete safety, the
use of [biosolids and treated effluent] in
the production of crops for human con-
sumption, when practiced in accordance
with existing federal guidelines and regula-
tions, presents negligible risk to the con-
sumer, to crop production, and to the
environment." However, the committee
did suggest that the EPA reconsider its
exclusion oftoxic organics from Part 503.
The NRC group added that as more
croplands "reach their regulatory limit of
chemical pollutant loading from sludge
application, additional information will be
needed to assess potential, long-term
impacts ofsludge on ground water quality
and on the sustainability of soils for crop
production." However, since less than 2%
oftotal U.S. cropland would be enough to
recycle all current biosolids production,
and in many cases biosolids can be applied
for 100 years before lifetime loading rates
are reached, the day of saturation will not
soon be reached.
Although the NRC committee found
that there "have been no reported out-
breaks ofinfectious disease associated with
a population's exposure-either directly or
through food consumption pathways-to
adequately treated and properly distrib-
uted redaimed water or sludge applied to
agricultural land," some committee mem-
bers remain skeptical. "I think [the com-
mittee was] too willing to accept that since
there were no reported outbreaks, then
everything was okay," says Baram. "Maybe
we've been lucky, or maybe we have just
not found causal connection-or maybe
I'm being too cautious, but the area of
pathogens seems to need more attention."
Given that the scientific literature con-
tains no reports of toxicity or disease due
to sludge, why does the public still seem
frightened? In some cases, it's probably
due to regional resentment, a feeling that
easterners, or New Yorkers, are dumping
their waste on the rest of the country.
There is also a fundamental feeling that
biosolids are unclean. When those feelings
are combined with fear that biosolids
are-as, admittedly, was true 20 years
ago-carrying unacceptable levels ofheavy
metals and toxic chemicals, it's easy to
understand the "don't dump on me" senti-
ment. Rubin acknowledges that spills,
smells, and slip-ups sabotage public confi-
dence in land application. "If the public
feels the aesthetics are bad, or a sloppy
operation is going on and nobody cares,
they will feel something is wrong with
their health."
In trying to influence public opinion,
leaders ofthe biosolids-to-land movement
recognize that conducting tests and
renaming sludge are not enough to convey
a clean image. The Madison district, for
example, washes its biosolids-hauling
trucks daily, injects biosolids under the
soil to prevent runoff and odors, and
actively recruits school groups and other
visitors to visit its spic-and-span treatment
plant. This type ofvigilance is evident in
an increasing number of sewer districts,
Rubin says. "There are cities that jealously
guard the quality of their sludge, so as to
minimize local resentment." Some, he
says, are setting local pollutant limits that
are more stringent than the federal rules.
David Tenenbaum
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